Summary. Glycerol release from epididymal fat fragments of young adult (3-month old) ob/ob mice was three times lower than normal, on a tissue weight basis. Dose-response curves in response to isoproterenol and ACTH-(1-24) 1 indicated that the capacity of the lipolytic process was reduced. However, the sensitivity to both hormones was normal, i.e. greater for ACTH than for isoproterenol. The burst of cyclic AMP observed at 7 minutes was affected even more than the lipolytic capacity in adipose tissue from obese mice. This was already observed in 1-month old animals, i.e. at a time when total body weight was still normal. It is concluded that the adenylate cyclase system is defective in adipose tissue of ob/ob mice. Besides, glucagon, vasoactive intestinal polypeptide, and secretin failed to stimulate glycerol release and cyclic AMP accumulation in both ob/ob, ob+/ob+, and HA-ICR mice, suggesting that mouse adipose tissue does not possess receptors for this group of hormones.
sion of ATP to cyclic AMP. The following dissociation of cyclic AMP dependent protein kinase(s) allows, in turn, the phosphorylation of inactive hormone-sensitive triglyceride lipase to give the active form of this enzyme [3, 4, 5] .
Obesity associated with insensitivity of adipose tissue to lipolytic hormones has been described in New Zealand obese mice [6, 7] , ob/ob mice [8] , db/db mice [9] , gold-thioglucose obese mice [10] , hypothyroid rats [11] , and in man [12] . This defect has been correlated in New Zealand obese mice with a lack of cyclic AMP accumulation following hormonal activation [6] . The adipose tissue of the obese-hyperglycaemic mouse has been thoroughly investigated. A decrease in the number of insulin receptors per mg of plasma membrane protein of adipocytes has been documented [13] . However, reports on the action of lipolytic hormones are conflicting. Stimulation of lipolysis by lipolytic hormones or various agents in the adipose tissue of obese mice has been described as being reduced [8] , normal [14] or augmented [15, 16] . Moreover, doseresponse curves documenting increases in cyclic AMP concentration and lipolysis have not as yet been correlated. Our purpose was to examine these two aspects, in order to localize more precisely any defect which might contribute to the Bar-Harbor syndrome.
Materials and Methods
Male C57 BL/6J obese-hyperglycaemic homozygous (ob/ob) mice and lean homozygous (ob+/ ob+) mice were raised in the laboratory. This colony was started with animals purchased from the Jackson Memorial Laboratories (Bar Harbor, Maine, U.S.A.) and fed, ad libitum, on a standard laboratory chow (U.A.R., Villemoisson, France). Except in one experiment, all the mice used were 3 months old. Obese animals weighed 39.8 + 0.8 g (mean value + SEM, n = 36), in contrast to the lean controls, weighing 26.6 + 0.7 g (n = 36). Blood glucose and insulin levels were, respectively, 150 + 10 mg/100 ml and 250 + 15 ~tU/ml in ob/ob mice and 92 + 6 mg/100 ml and 19 + 3 ~tU/ml in lean mice. The epididymal adipose tissue wet weight was 2.22 + 0.40 g in ob/ob mice in contrast to 0.42 + 0.10 g.in control animals. In one extra experiment, ob/ob mice were only 4 weeks of age and their body weight (19.9 + 0.9 g; n = 7) did not differ from that of the controls (18.8 + 0.9 g; n = 7). However, the weight of their epididymal adipose tissue was already greater: 0.43 _+ 0.06 g vs 0.11 + 0.03 g.
Theophylline and isoproterenol were obtained from Sigma Chemical Co. (St. Louis, Mo., U.S.A.), bovine serum albumin from Poviet (Amsterdam, The Netherlands), glycerol-3-phosphate dehydrogenase and glycerol kinase from Boehringer (Mannheim, West-Germany). ACTH (synthetic corticotrophin (I-24)-tetracosapeptide) was a gift from Ciba-Geigy Ltd (Basel, Switzerland). Pure crystalline porcine glucagon was from Eli Lilly and Co. (Indianapolis, Ind., U.S.A.). Highly purified natural porcine vasoactive intestinal peptide (VIP) and natural porcine secretin were given by Dr. V. Mutt from the GIH Research Unit of the Karolinska Institutet (Stockholm, Sweden). All the other products were of the highest analytical grade available.
Incubation Conditions for Cyclic AMP and Glycerol Determinations
In "each experiment, six lean and six obese mice were killed by cervical dislocation. The two epididymal fat pads of each animal provided twelve 45-55 mg pieces. These fragments were randomly distributed in twelve flasks containing 2 ml KrebsRinger bicarbonate buffer supplemented with 4% bovine serum albumin. Theophylline (1 mmol/1) was also present for cyclic AMP assays, but was omitted when liigolysis was measured. The pH was maintained at 7.4 by a continuous flow of 95% 02 + 5% CO2. After a preincubation of 30 minutes at 37 ~ C, in order to remove endogenous hormones, the fragments were transferred to identical vials containing the same incubation medium with or without a lipolytic agent.
For cyclic AMP determination the incubations were stopped by removing and freezing the fragments at -70~ in 2 ml 10% trichloroacetic acid (TCA). The frozen samples were homogenized by ultrasonication. The homogenates were centrifuged for 15 minutes at 1100 g and both the floating fat cake and the pellet were discarded. The internatant was acidified with 0.1 ml mol/1 HC1 and TCA was eliminated by 5 succesive extractions with diethyl ether. The extract was freeze-dried, then dissolved in water and assayed in triplicate for cyclic AMP according to Gilman et al. [17, 18] .
The net release of glycerol was used as an index of lipolysis, owing to the weak activity of glycerol kinase in adipose tissue [19] , even in the case of obese mice, where a maximum of 20% of the liberated glycerol might theoretically be phosphorylated [20] . On the basis of preliminary time studies showing linear rates of glycerol release in the absence of theophylline, it was found convenient to determine the glycerol accumulated in the medium at the end of a 90 minute incubation period in the presence of the hormone, after the 30 minute preincubation without hormone. The tissue fragments were discarded and medium albumin precipitated with 1 ml of 15% (w/v) perchloric acid. After centrifugation, the supernatant was neutralized with KHCO 3. After a second centrifugation, glycerol was measured enzymatically [21] .
Results

A. Effects of lsoproterenol
In normal mice, the average level of cyclic AMP in adipose tissue was 15 + 3 pmoles/100 mg fresh tissue in the presence of 1 mmol/l theophylline ( Fig. 1) , i.e. three times higher than in the absence of the methylxanthine (Table 1) . Isoproterenol, when used alone at a maximal 2.5.10 -6 mol/l concentration, was no more efficient (Table 1) . However, isoproterenol and theophylline, when used in combination, doubled cyclic AMP levels within one minute and a peak value of 208 + 20 pmoles/100 mg fresh tissue was reached after 7 to 10 minutes. This concentration then fell and returned to its initial level after 60 minutes, in spite of the continued presence of isoproterenol and theophylline ( Fig. 1) .
In obese mice, with only 1 mmol/l theophylline or 2.5.10 -6 tool/1 isoproterenol present in the incubation medium, the level of cyclic AMP was, respectively, 8 _+ 2 pmoles and 4 + 1 pmoles/100 mg fresh tissue, as compared to basal levels of 2 + i pmoles/100 mg fresh tissue (Table 1) . After addition of isoproterenol and theophylline together, cyclic AMP increased (30 + 4 pmoles) after 7 minutes to four times the value obtained with theo- In one experiment, younger ob/ob animals aged 4 weeks were used to see whether the impairment in cyclic AMP accumulation preceded the increase in body weight (Fig.2) . In lean control mice, isoproterenol increased cyclic AMP levels from 40 + 5 to 715 + 85 pmoles/100 nag fresh tissue within 5 minutes-. In young obese mice, whose body weight did not yet differ from that of their lean controls, these values were, respectively, 10 _+ 3 and 45 +_ 7 pmoles. In both types of mice a decrease in cyclic AMP levels was noted with time.
A dose-response curve for cyclic AMP accumulation following hormonal stimulation was performed at 7 minutes in 3 month old mice. As can be seen in Figure 3 A, minimal, half-maximal and maximal effects were obtained, respectively, with 10 -7 mol/1, 3.10 -7 tool/1 and 3.10 -6 mol/l iso- 
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proterenol in normal mice, and 10 -7 tool/l, 5.10-7mol/1 and 3.10-6mol/1 isoproterenol in obese animals. Supra-maximal concentrations appeared to be somewhat less efficient in normal mice, but this difference was not significant. In lean mice, the basal release of glycerol observed in the absence of theophylline was 0.14+ 0.02 ~tmoles glycerol/100 mg fresh tissue/hour. In presence of 3.10-4mol/1 isoproterenol, the tissue released 7 times more glycerol (1.04 + 0.09 ~tmoles/100 mg fresh tissue/hour). Half-maximal stimulation occurred at 10 -6 mol/1 concentration (Fig. 3B) . Basal lipolysis in adipose tissue from ob/ob mice was only 0.05 + 0.01 ptmoles glycerol/100mg fresh tissue/hour (Fig.3B) . Lipolysis was activated when concentrations of isoproterenol were higher than 3.10-6moi/1. 
B. Effects of ACTH
In normal mice, the stimulation of cyclic AMP levels by 10-5 mol/1 ACTH was rapid in the presence of 10 -3 mol/1 theophylline. After only one minute of incubation, cyclic AMP levels had risen from 15 + 3 to 61 + 7 pmoles/100 mg fresh tissue, and, after 7 minutes, a 25-fold increase in cyclic AMP concentration was observed (Fig. 4) . This peak value (249 + 30 pmoles/100 mg) was followed by a progressive fall and, after 60 minutes, control values were almost overtaken. Concentrations of ACTH higher than 10 -7 mol/1 were able to stimulate the accumulation of cyclic AMP (Fig. 5A ). Half-maximal stimulation was obtained with 3.10-7 mol/l ACTH and the maximal stimulation at about 3.10 -6 mol/1. At concentrations above 10 -5 mol/1, cyclic AMP accumulation decreased moderately but not significantly. By contrast, ACTH could not increase the concentration of cyclic AMP at any time in adipose tissue from obese mice (Fig. 4) . The inability of this hormone to influence cyclic AMP levels in obese mice was confirmed by dose-response experiments. Even concentrations as high as 10 -4 mol/1 could not affect cyclic AMP levels significantly (Fig. 5 A) .
In order to activate lipolysis, low concentrations of ACTH were sufficient in both mice. In lean anireals, a 3.10-1~ concentration already increased 3 times the release of glycerol and a 3.10-8mol/1 concentration gave half-maximal effects. However, to obtain the maximal release, a 3.10-6mol/1 concentration was necessary (Fig.  5B) . ACTH also elicited a dose-related increase in glycerol release in obese mice. Half-maximal effects were obtained with 3.10-8mol/1 ACTH, and 10-6mol/1 ACTH produced maximal liberation: 0.41 + 0.06 ~moles glycerol/100 mg fresh tissue/ hour (Fig. 5B) .
C. Effects of Glucagon, Secretin and VIP
The effects of glucagon, VIP, and secretin were tested on adipose tissue from both kinds of mice (Table 1) . At concentrations as high as 10 -6 mol/1, the three hormones were still unable to stimulate the accumulation of cyclic AMP after 7 minutes (in the presence of 10 -3 mol/1 theophylline) and the release of glycerol after 90 minutes (in the absence of the methylxanthine). A time-study performed with 10-rmol/1 glucagon confirmed that cyclic AMP levels were not modified, either in normal or obese mice, during the whole course of a 90-minute incubation in the presence of 10-3 mol/1 theophyUine (data not shown). 
Discussion
Our work was performed with fragments of epididymal adipose tissue rather than isolated adipocytes. Genetically obese mice have enlarged adipocytes in various fat depots [15, 22] . Chang et al. [23] have recently reported their inability to isolate these adipocytes from ob/ob mice: the collagenase treatment destroyed many cells and yielded free Iiposomes. According to Abraham and Beloff-Chain [24] , the isolation procedure is particularly detrimental to large cells. The point is that basal lipolysis [15, 16] and the response to different lipolytic . agents such as norepinephrine, ACTH, theophylline, dibutyryl-cyclic AMP and glucagon [16, 25, 26] are correlated with the size of the adipocytes. Thus, it appears that data obtained with isolated fat cells from obese animals are at best dubious and that the use of tissue fragments is well warranted. Basal lipolysis has been reported to be higher [15, 16] , equal [27] , or lower [8] in obese tissue than in lean adipose tissue. This confusion is partly based on the mode of expression utilized. When data are expressed in terms of cellularity (i. e. per cell) rather than tissue weight (i. e. per 100 mg wet weight), the values reported for young adult ob/ob adipose tissue necessarily increase 5 to 7 times, since the number of adipocytes is 5 to 7 times lower, on the same tissue weight basis, in the adipose tissue of obese mice than that of lean controls [15, 16, 22] . This, however, is not the only basis for discrepancy. Indeed, even when related to a wet weight basis, rather than a single fat cell, the basal lipolysis has been found to be greater in isolated ob/ob cells [15] , and normal in ob/ob tissue fragments [14, 27] . By contrast, in our experiments glycerol release in 3 month old obese mice was three times lower than in lean animals of the same age (Figs. 3 B and 5 B) .
In adipose tissue fragments from obese mice, both the sensitivity [15] and capacity [8, 14, 28] of the lipolytic process were reported to be reduced in the presence of adrenaline, whereas a higher response to noradrenaline and ACTH was observed [16] in isolated fat cells from obese mice. Our own complete dose-response curves with isoproterenol and ACTH-(1-24) allow another interpretation. They indicate that the lipolytic capacity (maximal release of glycerol) was three times lower in obese mice than in lean controls, on the same adipose tissue wet weight basis (Figs. 3B and 5B) . However, the sensitivity of both tissues for isoproterenol was of the same order of magnitude, as judged by concentrations needed for half-maximal lipolysis (10 -6 mol/1 versus 5.10 -6 mol/l: Fig. 3B and Table  2 ). A similar value (7.10 -7 mol/l) has been obtained with rat adipose tissue [29] . The sensitivity of the adipose tissue of obese and normal mice towards ACTH was high in both cases since the same concentrations (3.10 -8 mol/1) was sufficient to evoke half-maximal release of glycerol (Fig. 5 B) . This may be due in part to the preincubation period which allows the elimination of ACTH inactivating factors from adipose tissue fragments [30] . At any rate, Schwabe and Ebert [31] found the same sensitivity to ACTH in isolated fat cells of rats.
Lavine et al. [32] found no difference in cyclic AMP levels in adipose tissue of normal and obese mice, when results were expressed on a DNA basis. Our data, which refer to the wet tissue weight, show that basal cyclic AMP levels were 2.5 times lower in obese animals than in normal mice (Table 1 ). Isoproterenol was able to increase this level remarkably in normal mice and the time course of stimulation ( Fig. 1) resembled that observed in rat adipocytes [33] . After a peak value at 7-10 minutes, a sharp decrease followed. This decrease cannot be ascribed to the release of cyclic AMP in the medium, since this amount never exceeded 20% of the tissue content (data not shown). Several authors attribute this fall to the release of a hormone antagonist during the incubation [33] [34] [35] [36] . We were unable to substantiate the release of such an inhibitor in the medium, since the time course of cyclic AMP levels in fresh adipose tissue fragments, from both types of mice, was not modified in the presence of an incubation medium which was previously utilized for isoproterenol-stimulated adipose tissue fragments from obese or lean mice (unpublished data). Therefore, we feel that a more satisfactory explanation for the secondary fall of cyclic AMP could be a desensitization of adenylate cyclase to norepinephrine [37] by an unknown hormone antagonist which remains intracellular. The time course of cyclic AMP accumulation in adipose tissue from obese mice had a similar pattern, except that the peak levels reached were about 10 times lower. A similar impairment in cyclic AMP accumulation could be observed in 4 week old obese mice. However, we are unable to assess whether this defect preceded or followed the enlargement of fat cells since at 14 days of age ob/ob animals already have larger adipocytes [38] . In 3 month old mice, this difference had practically no bearing on the apparent sensitivity to isoproterenol. A 3 to 5 • 10 -7 mol/l concentration gave a half-maximal burst of cyclic AMP accumulation in both types of mice (Fig. 3 A) . When compared with lipolytic activity, it is clear that a very low initial burst of cyclic AMP was all that was required to sustain a significant breakdown of triglycerides. This is confirmed with the ACTH-(1-24) data (vide infra).
ACTH binds to a plasma membrane receptor which is different from that of isoproterenol [39] . In lean mice, the concentrations of ACTH-(1-24) needed for minimal and half-maximal stimulation of cyclic AMP accumulation (Fig. 5A) were, respectively, 333 times and 10 times that needed to obtain lipolytic actions (Fig. 5B ) of comparable amplitude (Table 2 ). This was even more striking in obese mice, where ACTH-(1-24) stimulated lipolysis without any increase in the tissue level of cyclic AMP. Such a dissociation suggests that the increase in cyclic AMP required for activating triglyceride lipase may be small and that the dramatic increase observed after hormonal activation of adenylate cyclase in normal adipose tissue is physiologically unnecessary. This is in line with the fact that theophylline, at a concentration (10 -3 mol/1) sustaining maxi real lipolytic response (data not shown), produced only a 3-4 fold increase in cyclic AMP levels ( Table  1 ). In addition, another mediator of ACTH action might contribute to lipolysis in the absence of a detectable accumulation of cyclic AMP. Schwabe and Ebert [31] have already speculated about a dual control of lipolysis by ACTH, one involving cyclic AMP, the other one Ca 2+. It would be of interest to study this problem further, even more so because hyperinsulinaemia in ob/ob mice might be a factor capable of altering Ca 2+ pools [40] .
Glucagon, VIP and secretin exert lipolytic effects on rat adipose tissue [39, 41, 42] . Our attempt to demonstrate the effect of glucagon and the two intestinal peptides was unsuccessful on mouse adipose tissue. The three hormones were ineffective on lipolysis and cyclic AMP accumulation in both lean and obese mice. We also obtained negative results with Swiss albino mice of the Ha/ICR strain (data not shown). Thus, there appear to be no receptors for this class of hormones in mice.
Our data might be explained by a diminished number of hormone receptors. However, it seems difficult to attribute to a single gene mutation a defect concerning fl-adrenergic and ACTH receptors simultaneously. Thus, it is likely that the coupling mechanism of hormone receptors to the catalytic subunit of the adenylate cyclase system and/or the catalytic subunit itself, are defective. This hypothesis [43, 44] will be further documented (in preparation). At any rate, the reduced hormone-stimulated lipolysis observed, in vitro, in obese-hyperglycaemic mice might suggest that in vivo, also, an impairment of lipolysis contributes to obesity, together with high local lipogenesis and a large influx of fatty acids of hepatic and dietary origin [45] [46] [47] .
